Abstract-Liver subcellular distributions of three different dextran sulfates (DSs) with average molecular weight (AMW) of 3000, 20,000 and 200,000, and sulfur content of 18 %, anticoagulants and antilipemic agents, were examined in rats after intravenous administration of 50 mg/kg. About 20 % of the injected radioactivity was taken up by liver 15 min-3 hr after 35S-DS administration, but the uptake of 35S-DS with AMW of 200,000 was slower tha., that of the other DSs. About half of the radioactivity distributed in livers was fot...d in the cytosol fraction.
Heparin given i.v. in high doses is distributed into the extracellular spaces (1). Kaplan and Meyer (2) reported that chondroitin sulfates were excreted mainly into the urine. Thus, acid polysaccharides may rapidly distribute to extracellular spaces and be excreted into the urine. The mechanism of the transport into cells has, however, not been elucidated.
In a previous report (3) we showed that, when a heparinoid having strong anticoagulant and antilipemic activities, 35S-DS with average molecular weight of 200,000 and sulfur content of 18 %, was given intraduodenally, large amounts of the radioactivity were found in the bile, the concentration being twice that found in the blood. Therefore, it may be that DSs are eliminated from circulation by two routes, via kidneys and liver. When given intraduodenally, 35S-DS or, at least, the radioactivity absorbed intestinally must pass through liver. Accordingly, it is possible that only the radioactivity of inorganic 35S-sulfate ion is transferred to liver cells and excreted in bile. To determine whether or not DSs can indeed enter liver cells, we examined the subcellular distribution of DSs in rat liver after intravenous administration.
MATERIALS AND METHODS
Experimental animals: Female Donryu rats (Nihon Rat Co., Urawa), weighing about 200 g, were used after an 18-hr fast. The supernatant fractions from both washes were combined, and centrifuged at 8000 g for 10 min to produce the mitochondrial pellet. The pellet was washed with sucrose, and centrifuged. The supernatant fractions were centrifuged at 25,000 g for 20 min to produce the lysosomal pellet. The pellet was washed once with sucrose. The supernatant fractions were centrifuged at 105,000 g for 60 min. The pellet was then washed once with sucrose, and centrifuged to produce the microsomal pellet. The remaining supernatant and the washing were combined, and regarded as the soluble fraction, namely the cytosol. Each of the pellets was suspended in distilled water.
The purity of each fraction was confirmed by the assay of marker enzymes: succinate dehydrogenase in mitochondria, acid p-nitrophenyl phosphatase in lysosomes, and glucose 6-phosphatase in microsomes. In this experiment, contamination by other fractions was determined to be less than 8%.
Identification of 35S-DSs and their radioactive metabolites: Each subcellular fraction was suspended in distilled water. To the aliquots was added 10% (final) trichloroacetic acid. The solution was centrifuged, and the pellet was washed with 5 % trichloroacetic acid.
The supernatant and the washing were combined, and treated with ether. The resulting aqueous phase was neutralized with 1 N NaOH. According to the method of Scott (5), 10% cetylpyridinium chloride (CPC) was added to the solution, and the complex of CPC and DSs with AMW of 20,000 or above and SC of about 18 % were pelleted. The complexes were dissolved by addition of 2 M NaCl, and 80% (final) ethanol was subsequently added.
The solution was centrifuged to produce the precipitates of DSs. They were washed twice with ethanol and ether. The final precipitates were dissolved in distilled water. The aliquots were subjected to paper electrophoresis: filter paper, Toyo No. 51A; Veronal buffer, pH 7.4; 0.5 mA/cm for 60 min.
After removal of CPC-DS complexes, the supernatant and the washings were combined, and 80% (final) ethanol containing 2 % Na2SO4 was added. The solution was centrifuged to produce precipitates consisting of the remaining radioactivity, namely inorganic 35S-sulfate and 35S-DSs with SC of 8 % or below. These precipitates were washed twice with ethanol and ether, and the final preparations were dissolved in distilled water. The aliquots were paper chromatographed (6): filter paper, Toyo No. 51A; 70 mM phosphate buffer (pH 6.4) in 25 % n-propanol; 4°C for 20 hr.
These filter papers were dissected in an adequate length, immersed in a vial containing a scintillator, and the radioactivity was counted with a Liquid Scintillation Spectrophoto meter, Aloka LSC-651. The radioactivity in the paper strips of Rf 0.50-0.20 was extracted with distilled water, and an aliquot of the extract was subjected to paper electrophoresis.
Assay and determination : Na+-K+-dependent ATPase was assayed by the method of Quigley and Gotterer (7). The incubation system consisted of 120 mM NaCI, 20 mM KCI, 7.5 mM MgC12i 30 mM tris-HC1 buffer (pH 7.4), 5 mM ATP-tris and 0.2 mg of the lysosomal protein at 37'C for 10 min, in the presence or absence of 0.5 mM ouabain. Protein concen trations were measured by the method of Lowry et al. (8) . The radioactivity was counted using liquid scintillation spectrophotometry. rapidly taken up by liver, whereas, after 35S-DS-H, the uptake was slow. Even 24 hr after 35S-DS-M or 35S-DS-H administration , about 20 % of the radioactivity remained in liver, while levels in the blood were 100 dpm/ml.
About half of the radioactivity of liver was found in the cytosol fraction 15-60 min after 35S-DS administration . In this fraction, the values expressed as per cent of the radioactivity of liver progressively decreased with increases in the nuclear fractions. The subcellular distribution of the radioactivity was similar among all the 35S-DSs used.
The specific radioactivity was significantly higher in the lysosomal than in the other fractions. In the lysosomal fraction, the activity was 5-10 times higher than in the cytosol fraction. At this time, no acid phosphatase activity was found in the cytosol fraction.
Paper chromatograms of the subcellular fractions are shown in Fig. 1 . In the lysosomal fraction 15 min after 35S-DS-L administration, two peaks of the radioactivity were found ( Fig. 1-A) . One of these peaks was confirmed to be In the paper chromatogram of the microsomal fraction 1 hr after 33S-DS-H adminis tration, other radioactive peaks also were found at Rf 0.25-0.30 and Rf 0.40 ( Fig. 1-B) .
These peaks are probably the fraction of "active" sulfate and sulfate-containing amino acids, for example tyrosine-O-sulfate.
These peaks exhibited characteristics of metachromasie-negative and hinhydrine positive and were identified by comparing Rf values in another paper chromatogra phy for the analysis of amino acids and "active" sulfates with those of references .
In the paper electrophoretic pattern of the extract of the lysosomal fraction 1 hr after 35S-DS-M, only the unchanged form was found (Fig. 2) . In 35S-DS-H, the desulfated and its depolymerized forms were observed in the cytosol frac tion 3 hr after the administration (Fig. 3) . It has been shown that a part of lysosomal membranes is probably derived from plasma membranes during endocytosis (9, 10) . Considering these findings, Na+-K+ dependent ATPase activity, a marker enzyme of the membranes, was assayed in the lysosomal fraction after DS administration. When 35S-DS-M or 35S-DS-H was given i.v., the ATPase activity in the lysosomal fraction of liver was enhanced (Fig. 4) . The ATPase in particular was enhanced even 24 hr after DS-H administration. The enhancement of Na+-K+ dependent ATPase activity corresponded with increases in the specific radioactivity in the lysosomal fraction. Accordingly, these results indicate that DS, especially with high AMW, can be transferred partly to liver lysosomes by endocytotic transport. Meijer and Willighagen (12) reported that, when dextran with high AMW was given to mice, many granules which they had termed "peribiliary bodies" were formed in liver cells.
Similar findings have been shown by other investigators (13) (14) (15) . DeDuve (16) showed that these granules can be collected from the lysosomal fraction by the method of subcellular fractionation, and after administration of 14C-sucrose, the granules may be formed by the invagination of the plasma membranes on which the sucrose adsorbed. In our present experiment, about 10 % of the radioactivity and the highest specific radioactivity of liver were found in the lysosomal fraction after 35S-DS administration.
In particular, 35S-DS-M in this fraction was found to be in an unchanged form. These results indicate that DSs can enter liver cells during endocytosis, whereas there is a small quantity of DSs transferred by this system. We have already shown that, when 35S-DS with AMW of 200,000 (DS-H) was intraduodenally given to rats, 40% of the radioactivity taken up by intestinal mucosa was detected in the lysosomal fraction (3). Thus, the radioactivity of 35S-DSs distributed to the lysosomal fraction of liver cells may disappear rapidly by the desulfation of 35S-DSs and the subsequent diffusion of inorganic 35S-sulfate ion across the lysosomal membranes to the cytosol, and by excretion into the bile. The former possibility is supported by the fact that, after 35S-DS administration, inorganic 35S-sulfate were found in both the lysosomal and cytosol fractions. Regarding the latter possibility, there is the evidence that, after i.v.
administration of 35S-DSs, large amounts of the radioactivity and high acid phosphatase activity were detected in the bile (17) .
Part of lysosomal and pinosomal membranes are probably derived from plasma mem branes during endocytosis (10) . Na+-K+-dependent ATPase activity of a lysosomal fraction is considered to be an index of endocytosis (9) . Thus, the view for the endocytotic transport of DSs can be supported by the finding that DSs enhanced the activity of a marker enzyme of plasma membranes, Na+-K+-dependent ATPase, in the lysosomal fraction of liver. In addition, we found that increases in the ATPase activity of the lysosomal fraction of intestinal mucosa corresponded with the amounts of DSs distributed to the fraction (3).
Mechanisms involved in endocytotic and transmembrane transports of DSs require further study. However, we have determined that in vitro, DSs bind to the plasma membrane of liver and are accompanied by calcium ions (18) . The binding may trigger the invagination of plasma membrane.
Thus, DSs can enter liver cells via transmembrane transport, and by endocytotic transport, in particular DSs with a high AMW. In liver cells, DSs are desulfated and depolymerized.
